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(57) ABSTRACT

A method and device for a compact microstrip bandpass filter
that includes an input terminal, an output terminal, a plurality
of quarter-wavelength resonators, a resonant disk, a plurality
of'layers, and a microstrip line which connects the resonant
disk to a joint point of the quarter-wavelength resonators. A
method of forming two signal paths in a compact microstrip
bandpass filter includes forming a first signal path between an
input terminal and an output terminal of the filter with a
plurality of quarter-wavelength resonators with a resonant
disk and a microstrip line which connects the resonant disk to
a joint point of the quarter-wavelength resonators. The
method includes forming a second signal path of the quarter-
wavelength resonators, the filter includes a plurality of layers.
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1
COMPACT MICROSTRIP BANDPASS FILTER
WITH MULTTPATH SOURCE-LOAD
COUPLING

BACKGROUND OF THE INVENTION

This invention is related to a microstrip bandpass filter, and
in particular to a compact microstrip bandpass filter with
multipath source-load coupling.

In modern microwave communication systems, like satel-
lite and mobile communication systems, compact microwave
bandpass filters with low passband insertion loss and high
stopband rejection are required. Due to current processing
technologies of integrated circuits, bandpass filters based on
planar techniques, like microstrip bandpass filters, are most
commonly used in practical applications. Bandpass filters
consist of planar resonators, such as split ring, miniaturized
hairpin, stepped-impedance and parallel-coupled resonators,
have been proposed for either performance improvement or
size reduction. However, most of the applied bandpass filters
face a tradeoft between low passband insertion loss and high
stopband rejection. As a result, most of them have a passband
insertion loss of over -2 dB when reaching a relatively high
stopband rejection, like -30 dB, and conversely, have a low
stopband rejection when approaching a smaller passband
insertion loss.

Moreover, due to the rapid growth of the spectrum occu-
pation and the growing demand for higher receiver sensitiv-
ity, bandpass filters with a wider upper or lower stopband in
the adjacent frequency band are required to reduce interfer-
ence between signal channels, which introduce an additional
challenge for the design of high-performance bandpass fil-
ters. According to early researches, bandpass filters with cou-
plings between the input and output terminals provide a num-
ber of alternative paths which a signal may take. Depending
on the phasing of the signals, plural transmission poles in the
stopband are achievable through multipath effect, which can
be used in the optimization of exhibiting ripples in both
passband and stopband.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is provided
a compact microstrip bandpass filter. The compact microstrip
bandpass filter includes an input terminal, an output terminal,
a plurality of quarter-wavelength resonators, a resonant disk,
aplurality of layers, and a microstrip line which connects the
resonant disk to a joint point of the quarter-wavelength reso-
nators.

According to another aspect of the invention, there is pro-
vided a method of forming two signal paths in a compact
microstrip bandpass filter. The method includes forming a
first signal path between an input terminal and an output
terminal of the filter with a plurality of quarter-wavelength
resonators with a resonant disk and a microstrip line which
connects the resonant disk to a joint point of the quarter-
wavelength resonators. The method includes forming a sec-
ond signal path of the quarter-wavelength resonators, the
filter includes a plurality of layers.

According to another aspect of the invention, there is pro-
vided a method for forming a compact microstrip bandpass
filter comprising the steps of providing an input terminal, an
output terminal, a plurality of quarter-wavelength resonators,
aresonant disk, a plurality of layers, and a microstrip line for
connecting the resonant disk to a joint point of the quarter-
wavelength resonators.

10

15

20

25

30

35

40

45

50

55

60

65

2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of the present compact microstrip
bandpass filter;

FIG. 2 is a plan view of the compact microstrip bandpass
filter shown in FIG. 1;

FIG. 3 is a schematic diagram illustrating different layers
of the compact microstrip bandpass filter shown in FIG. 1;

FIGS. 4A, 4B, and 4C are graphs of the simulated S param-
eters of the compact microstrip bandpass filter shown in FIG.
1.

DETAILED DESCRIPTION OF THE INVENTION

The invention involves a compact microstrip bandpass fil-
ter with multipath source-load coupling which has less than
-1.07 dB passband insertion loss and more than -30 dB
stopband rejection.

FIG. 1 is an illustration of the present compact microstrip
bandpass filter. In FIG. 1, the compact microstrip bandpass
filter comprises an input terminal 2, an output terminal 4, a
plurality of, for example, two quarter-wavelength resonators
6,8,10,12, 14, a resonant disk 16, a microstrip line 18 which
connects the resonant disk 16 to a joint point 20 of the two
quarter-wavelength resonators 6, 8, 10, 12, 14, dielectric lay-
ers 22,24 and a ground layer 26. The whole filter has a mirror
symmetry along a perpendicular bisector of the line segment
connecting the two terminals 2, 4. Each quarter-wavelength
resonator 6, 8, 10, 12, 14 includes a first arm 6a which
includes sections 6, 8, 10 and a second arm 12a which
includes sections 12, 14. One end 6 of the outside arm 6a is
connected with one of the two terminals 2, 4, while the other
end 10 of the outside arm 6a forms a capacitor in a middle
section 8. The middle section 8 of the outside arm 6a is
coupled with one end 12 of the inside arm 12a. The inside
arms 12a from both quarter-wavelength resonators 6, 8, 10,
12, 14 are connected at the joint point 20. The resonant disk 16
and the microstrip line 18 form an open stub 16, 18, which is
connected to the joint point 20. The open stub 16, 18 is used
as a replacement of a metallic via which is widely used in
conventional filters to short the joint point 20 to the ground.

FIG. 2 is a plan view of the compact microstrip bandpass
filter shown in FIG. 1. The lengths of both arms 64 and 12a in
each quarter-wavelength resonator 6, 8, 10, 12, 14 are around
the quarter wavelength in the microstrip 18 line at the central
frequency of the passband. The end 12 of the inside arm 12a
and the middle section 8 of the outside arm 6a are curved
around the resonant disk 16 with different radii. The other end
14 of the inside arm 12 has the opposite curvature and the
same radii with the end 12. Due to the fact that wave propa-
gating in a wider microstrip line has shorter wavelength, the
width of the inside arm 12a is set to be larger than the width
of the outside arm 6a. As a result, the wave propagating in
both arms 6a and 12a can phase equally. The sharp turnings
formed by the edges of the microstrip line 18 and the inside
edges of the arms 12a are smoothed into two round corners, in
order to reduce the surface current density at the joint point 20
and through the open stub 16, 18, so as to achieve a low
passband insertion loss.

FIG. 3 is a schematic diagram illustrating different layers
of'the compact microstrip bandpass filter as shown in FIG. 1,
and there exists, for example, an arrangement of four layers.
Thetop layer is a metallic layer 28 which contains a pattern of
the present compact microstrip bandpass filter. The bottom
layer is another metallic layer 26 which is used as the ground
layer. Between these two layers 26 and 28 are two dielectric
layers 22, 24. A bottom dielectric layer 24 is used as a dielec-
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tric substrate while atop dielectric layer 22 is a passivation
layer positioned between the metallic layer 28 and the bottom
dielectric layer 24. The top dielectric layer 22 is an optional
layer which is used to protect the electric properties of the
bottom dielectric layer 24.

The two quarter-wavelength resonators 6, 8, 10, 12, 14 are
cascaded and may introduce a first reflection pole in the
passband. The resonant frequency of the open stub 16, 18
formed by the resonant disk 16 and the microstrip line 18 is
designed to be close to the frequency of the first reflection
pole. When the open stub 16, 18 is attached to the joint point
20, a second reflection pole in the passband and a transmis-
sion pole in the stopband are formed, which can be optimized
to obtain a high performance of the passband.

In order to further reduce the interference between adjacent
signal channels, a wider upper or lower stopband is required
to suppress the undesired transmission components in the
stopband of the present compact microstrip bandpass filter. In
the present invention, multipath coupling method is utilized
to create multiple transmission poles in the stopband so that a
stopband-extended bandpass filter can be realized with
improved stopband rejection.

Bandpass filters with multipath coupling between the input
and output terminals provide a number of alternative paths
which a signal may take. Depending on the phasing of the
signals, plural transmission poles in the stopband are achiev-
able through multipath effect, which can be used in the opti-
mization of exhibiting ripples in both passband and stopband.

In the present invention, a method of forming two signal
paths between the input and output terminals 2, 4 of the
present bandpass filter is provided. One signal path is formed
with the two quarter-wavelength resonators 6, 8, 10, 12, 14
with a resonant disk 16 connected to the joint point as an open
stub 16, 18, in which a first signal travels through a first
coupling path between the middle section 8 of the outside arm
6a, and the end 12 of the inside arm 12a on one side of the
perpendicular bisector of the line segment connecting the two
terminals 2, 4, and then travels through a second coupling
path at the symmetric position on the other side of the per-
pendicular bisector. In order to introduce an additional cou-
pling path between the input and output terminals 2, 4, the end
10 of the outside arm 64 is curved to form a capacitor. The
second signal path is then formed with the two outside arms
6a of the two quarter-wavelength resonators 6, 8,10,12,14 in
which a second signal travels along the two outside arms 6a
via the capacitive coupling path between the two ends 10 of
the outside arms 6a, without entering the inside arms 12a. The
capacitive coupling through the capacitor gives rise to a sec-
ond transmission pole at the same side of the passband, which
can be optimized to greatly enhance the stopband perfor-
mance while keeping the high performance of the passband.
The relative signal phasing between these two signal paths is
tunable by changing the relative position of the two arms in
each quarter-wavelength resonator 6, 8, 10, 12, 14, which is
used to optimize the passband and stopband performance of
the bandpass filter.

A practical embodiment of the present compact microstrip
bandpass filter is simulated using a commercial full-wave
finite-element simulator (High Frequency Simulator Struc-
ture (HFSS)). The central frequency of the compact micros-
trip bandpass filter is chosen as, for example, 24.11 GHz. A
layer of GaAs, for example, is used as the bottom dielectric
layer 24, the relative dielectric constant of which is 12.9. A
thin film of SiN, for example, is used as the second dielectric
layer 22. And a layer of gold, for example, with conductivity
4.1e7 S/m is used as the top metallic layer 28.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIGS. 4A, 4B, and 4C are graphs of the simulated S param-
eters of the compact microstrip bandpass filter shown in FIG.
1, where FIG. 4A shows the magnitudes of the S11 and S21,
FIG. 4B shows the phases of the S21, and FIG. 4C shows the
group delay in the passband. The practical embodiment is
optimized for low passband insertion loss and high upper
stopband rejection. Each ofthese figures are further described
below.

In FIG. 4A, the bandwidth of the passband with less than
-1.07 dB insertion loss and more than —20 dB return loss is
about 1.14 GHz, from 23.54 GHz to 24.68 GHz. The pass-
band ripple is less than 0.33 dB, corresponding to the range of
passband insertion loss from -0.74 dB to -1.07 dB. The
passband voltage standing wave ratio (VSWR) is less than
1.22 and the bandwidth of the upper stopband with more than
-30 dB rejection is 10.5 GHz, from 27.44 GHzt0 37.94 GHz.

In FIG. 4B, the phase changing in the passband from 23.54
GHz to 24.68 GHz shows high linearity. FIG. 4C shows the
group delay in this frequency band which is derived from the
data in FIG. 4B. In FIG. 4C, the maximum difference of the
group delay is 0.056 ns, which proves the validity of the high
phase linearity.

Due to the existence of the two transmission poles in the
stopband, the present compact microstrip bandpass filter is
robust. When the accuracy of fabrication is not high enough,
traditional bandpass filter with only one transmission pole in
the stopband often loses its high performance of the stopband.
The transmission peak in the stopband is then raised up to
above —-20 dB or even above -15 dB. Whereas the high
stopband performance of the present compact microstrip
bandpass filter does not rely on the high accuracy of fabrica-
tion. The transmission peak in the stopband is limited by the
two transmission poles on both sides and will stay below =30
dB.

Although the present invention has been shown and
described with respect to several preferred embodiment
thereof, various changes, omissions and additions to the form
and detail thereof, may be made therein, without departing
from the spirit and scope of the invention.

What is claimed is:

1. A compact microstrip bandpass filter comprising:

an input terminal, an output terminal, a plurality of quarter-

wavelength resonators, a resonant disk, a plurality of
layers, and a microstrip line which connects the resonant
disk to a joint point of the quarter-wavelength resona-
tors, wherein the resonant disk and the microstrip line
form an open stub, which is connected to the joint point
where a rounded corner is used to connect the open stub
to the joint point and the width of the microstrip line of
the open stub is increased to reduce surface current
density at the joint point and through the open stub.

2. The compact microstrip bandpass filter of claim 1,
wherein said filter has a mirror symmetry along a perpendicu-
lar bisector of a line segment connecting said terminals.

3. The compact microstrip bandpass filter of claim 1,
wherein each quarter-wavelength resonator comprises a first
arm and a second arm.

4. The compact microstrip bandpass filter of claim 3,
wherein a first end of at least one of the first arms is connected
with one of said terminals.

5. The compact microstrip bandpass filter of claim 3,
wherein the second arms of the quarter-wavelength resona-
tors are connected at the joint point.

6. The compact microstrip bandpass filter of claim 3,
wherein the lengths ofthe first arm and the second arm in each
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quarter-wavelength resonator are around a quarter wave-
length in the microstrip line at a central frequency of the
passband.

7. The compact microstrip bandpass filter of claim 3,
wherein a width of at least one of the second arms is larger
than a width of at least one of the first arms.

8. The compact microstrip bandpass filter of claim 3,
wherein the quarter-wavelength resonators with the resonant
disk connected to the joint point as the open stub forms a first
signal path, in which a first signal travels through a coupling
path between at least one of said first arms and at least one of
said second arms of the quarter-wavelength resonators.

9. The compact microstrip bandpass filter of claim 3,
wherein the first and second arms of the quarter-wavelength
resonators form a second signal path, in which a second signal
travels through a capacitive coupling path between the first
and second arms.

10. The compact microstrip bandpass filter of claim 9,
wherein the capacitive coupling gives rise to a second trans-
mission pole a passband of the bandpass filter.

11. The compact microstrip bandpass filter of claim 3,
wherein a second end of at least one of said first arms forms a
capacitor in a middle section.

12. The compact microstrip bandpass filter of claim 11,
wherein said middle section of at least one of said first arms is
coupled with a first end of a second arm.

13. The compact microstrip bandpass filter of claim 11,
wherein the at least one of said first arms and at least one of the
second arms and the middle section of the at least one of said
first arms are curved around the resonant disk with different
radii.

14. The compact microstrip bandpass filter of claim 13,
wherein a second end of said at least one of the second arms
has the opposite curvature and the same radii as said curved
first arms.

15. The compact microstrip bandpass filter of claim 1,
wherein said plurality of layers comprises four layers.

16. The compact microstrip bandpass filter of claim 15,
wherein a top layer of said four layers is a first metallic layer
which contains a pattern of the compact microstrip bandpass
filter.

17. The compact microstrip bandpass filter of claim 16,
wherein a bottom layer of said four layers is a second metallic
layer which is used as a ground layer.

18. The compact microstrip bandpass filter of claim 17,
wherein two dielectric layers of said four layers are posi-
tioned between the top layer and the bottom layer.

19. The compact microstrip bandpass filter of claim 18,
wherein a first dielectric layer of the two dielectric layers is
used as a dielectric substrate.

20. The compact microstrip bandpass filter of claim 19,
wherein a second reflection pole in a passband of the band-
pass filter and a transmission pole in a stopband of the band-
pass filter are formed when the open stub is attached to said
joint point.
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21. The compact microstrip bandpass filter of claim 19,
wherein a second dielectric layer of the two dielectric layers
is a passivation layer positioned between said first metallic
layer and said first dielectric layer.

22. The compact microstrip bandpass filter of claim 21,
wherein said second dielectric layer is an optional layer and
protects electric properties of said first dielectric layer.

23. The compact microstrip bandpass filter of claim 1,
wherein the quarter-wavelength resonators are cascaded and
introduce a first reflection pole in a passband of the bandpass
filter.

24. The compact microstrip bandpass filter of claim 23,
wherein a resonant frequency of the open stub formed by the
resonant disk and the microstrip line is close to a frequency of
said first reflection pole.

25. A method of forming two signal paths in a compact
microstrip bandpass filter comprising the steps of:

forming a first signal path between an input terminal and an

output terminal of said filter with a plurality of quarter-
wavelength resonators with a resonant disk and a
microstrip line which connects the resonant disk to a
joint point of the quarter-wavelength resonators,
wherein the resonant disk and the microstrip line form
an open stub, which is connected to the joint point where
a rounded corner is used to connect the open stub to the
joint point and the width of the microstrip line of the
open stub is increased to reduce surface current density
at the joint point and through the open stub, and forming
a second signal path of the quarter-wavelength resona-
tors, said filter includes a plurality of layers.

26. The method of claim 25, wherein a first signal of said
first signal path travels through a coupling path between a first
arm and a second arm of the quarter-wavelength resonators.

27. The method of claim 25, wherein the second signal path
is formed with two arms of the quarter-wavelength resona-
tors, wherein a second signal of said second signal path trav-
els through a capacitive coupling path between the two arms.

28. The method of claim 25, wherein a relative signal
phasing between said first signal path and said second signal
path is tunable by changing a relative position of two arms in
each quarter-wavelength resonator.

29. A method for forming a compact microstrip bandpass
filter comprising the steps of:

providing an input terminal, an output terminal, a plurality

of quarter-wavelength resonators, a resonant disk, a plu-
rality of layers, and a microstrip line for connecting the
resonant disk to a joint point of the quarter-wavelength
resonators where a rounded corner is used to connect the
open stub to the joint point and the width of the micros-
trip line of the open stub is increased to reduce surface
current density at the joint point and through the open
stub.



